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PREFACE

Project MICHIGAN is a continuing long-ranee research ard doeve lopnrs o0 prroasam
for advancing the Army's combat surveillaee and tarcet-dequsition cepabilitie s, The
program is carried out by a full-time staff of specialists in physics, cucine ring, math-
ematics,‘ and psycholopy at the Institute of Science ard Technolazy, and by membwrs of
the teaching faculty and graduate studen:s of other research croups ard labwratories

of The University of Michigan.

The emphasis of the Project is upon research in imaging radar, MTI radar, infra-
red, radio location, image processing, and special investications. Particular atten-
tion is given to all-weather, long-range, hizh-resclution sensery and location tech-

niques,

Project MICHIGAN was established by the U.S. Army Signal Corps at The Uni-
versity of Michigan in 1953 and has received continuing support from the U, S, Army.
The Project constitutes a major portion of the diversified program of research con-
ducted by the Institute of Science and Technology in order to make available to .
government and industry the resources of The University of Michigan and to broaden

the educational opportunities for students in the scientific and engineering disciplines.

Documents issued in this series of Technical Memorandums are published by the
Institute of Science and Technology in order to disseminate scientific and engineer-
ing information as speec' .y and as widely as possible. The work reported may be
incomplete, but it is considered to be useful, interesting, or suggestive enough to
warrant this early publication. Any conclusions are tentative, of course., Also in-
cluded in this series are reports of work in progress which will later be combined

with other materials to form a more comprehensive contribution in the field.

Progress and results described in reports are continually reassessed by Project

MICHIGAN. Comments and suggestions from readers are invited

Robert L. Hess
Director )
Project MICHIGAN -
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FORFERAOGPD

This paper discusses some general theoretieal issaec g 0 g v the ehyraetr-
istics of human short-term s.emory, Yased n part on soms éxpe rpmental .:m&:‘u« of
human short-term mensory for alphapumeric messages, Analvsis of human fenction
in combat surveillunce information-processing sv:tems of svery level of complexity,
including simple search of sensor output ‘lisplays, reveals a strons invalvement of
human short-term memory capabilities. The state of quantitative, empirical know-
ledge about those capabilities, under test conditinns appropriate to the human tasks
in combat surveillance, is meager, and theary is as yet poorly developed. A pro-
gram of research was initiated by the Engineering Psychology Laboratory of the
University under Project MICHIGAN in 1960 to reduce this deficiency in knowledge
at the same time that such memory functions were examined in the context of human

tasks in combat surveillance.

This general theoretical paper is the [irst formal report that uses some of the
information gained in this program before its termination in 1962, Other subsequent

reports will cover specific experimental studies in detail.

Y
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IMPLICATIONS OF SHOPT-TFPM MEMODRY FYOR % GENERAL
THEOPRY OF MEMOUY

ABSTRACT

A dichotomy of human memory into “immedinte” merasry and long-term mem-
ory (associative memory, habit) has been widely aceepted for many vears and has
been formally stated by some theorists. This assumed dichotomy of the phenomena
of short-term memory and long-term memory is examined and rejected in this paper.
First, 1 numbe of current issues in learnins theory are restated as issues about
the formation, storage, and retrieval of memory traces, and the major issue
is identified as the question whether short -term memory and long-term memoryare
puints on a continuum, or a dichotomy. Then this major issue is examined in the
light of data from recent studies in which the recall of single to-be-remembered
alphanumeric items followed a single or very few repetitions. Finally, the issue is
examined in the light of new data that relate the slope of the short-term forgetting
curve to the number of elements or recoded “chunks™ in the to-be-remembered unit,
and also new data that confirm and extend Hebb's finding that there is a specific
accumulative strengthening effect of repetitions in the “immediate™ memory situation
involving to-he-remembered units beyond the span of immediate memory of human
subjects. The principal consequence of the eonclusion that a continuum, rather than
a dichotomy, is involved in short-term and long-term memory is the rejection of the
postulate of autonomous decay of traces in the case of short-term memory and
acceptance of the postulate of permanence of traces, once formed, throughout all
varieties of memory. Other implications of the data on short-term memory for a
general theory of htman memory are, however, discussed.
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Psychological studies of human short-term memory, and particularly the further exploita-
tion of new techniques for investigating it, will plav an impartant role in the formulation of a |
general theory of memory. Even now, some critical issues are being sharpened by observation.
It seems probable that the next ten years will sec major, perhaps even definitive, advances in
our understanding of the biochemistry, neuruphysinlogy, and psychology of memory, especially

if, through interdisciplinary communication, a unified theory is sought,

‘ The confluence of forces responsible for this sanguine prediction about future progress is re-
flected in the program on memory of the 1963 meetines of American Aséociatinn for the Advance-
ment of Science. Advances in biochemistry andneurophysiology are permitting the formulation and
testing of meaningful theories about the palpable stuff that is the correlate of the memory traceas a
hypothetical construct (Deutsch[1{, Gerard]2), Thomas [3]). Inthis work we find heavy emphasis

on the storage mechanism and its properties, especially the consolidation process, and it may
be expected that findings here will offer important guide lines for the refinement of the psychol-

ogist's construct once we are clear as to what our human performance data say it should be,

Within psychology, : . veral developments have focused attention on memory. In the first
place, among learning theorists there is a revival of interest in the appropriate assumptions to
be made about the characteristics of the memory traces (engrams, associations, bonds, sHr's)
that are the products of experiences and repetitions of experiences. For instance, Estes [4] has
questioned the validity of the widespread assumption (e.x., Hull | 3], Spence |6]) that habit strength
groWs incrementally over repetitions, and has proposed an all-or-none conception as an alterna-
tive, More recently, he has cxamined [7] in detail the vavieties of the incremental and all-or-
none conceptions and the evidence related to them. Already, some defenders of the incremental
concept (Jones[ﬂl, Keppel and Underwood [56], Postman [19]) have taken issues with Estes' con-
clusions, and it would appear that this fundamental question about memory will loom large in
theory and experiments for some time to come, At a somewhat different level, the revival of

experimental and theoretical interest in the notion of perseveration or consolidation of the
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memory trace {Glickman [Ili), and attempts U embody it in a Seneral diemry o teavans (R
[12], Walher [13)) have also focused attention on o theory of memory as 3 furdamonta comnn-

nent of a theory of learning.

A second strony stimulus to research on memsry from within ;“-;j-‘(‘?xfx‘! v are several fing-
ings of the last few years that have forced major revisions in the intcrivrence theory of foroct-
ting and consequently a renaissance of interest an it (Postman (135, First, there was the dis-
covery by Underwood [15] that proactive inhibition had been crocsly underestinmated as a source
of interference in forgetting. Then, the unlearnin: factor as a component of retroactive inhibi-
tion was given greater credibility by the findinus of Barnes and Underweod H1€]0 And finally,
the joint consideration of the habit structure of the individial prier to a new learnine experience,

.the compatibilitv or incompatibility of the new learning with that structure, and the unlearning
factor (among others) led to the formulation of the interference theory of forgetting in terms
that made it applicable to all new learning (Melton {17], Postman {14}, Underwood and Postman
[18]). Thus, this development focuses attention on the interactions of memory traces during
learnir s as wel. as their interactions at the time of attempted retrieval or utilization in recogni-

tion, recall, or transfer,

But perhaps the most vigorous force within psychologv directing attention to the need for a
general theory of memory is the spate, during the last five vears, of theorizing and research
on immediate and short-term memory. In 1958, and increasingly thereafter, the principal
journals of human learning and performance have been flooded with reports of experimental
investigations of human short-term memory. This work has been characterized by strong
theoretical interests, and so ietimes strong statements, about the nature of memory, the charac-
teristics of the memory trace, and the relations between short-term memory and the memory
that results from multiple repetitions. The contrast with the preceding thirty years is striking.
During those years most research on short-term memory was concerned with the memory span
as a capacity variable, and no more. It is always dangerous to be a historian about the last five

or ten years, but I venture to say that Broadbent's Perception and Communication [19], with its

emphasis on short-term memory as a major factor in human information-processing perform-
ance, played a key role in this development, Fortunately, many of the others who have made
important methodological and substantive contributions to this analysis of short-term memory
have presentied thelr most recent findings and thoughts in the Association's propram on memory,
and they thus adequately document my assessment of the vigor and importance of this recent
development, Therefore I will refrain from further documentation and analysis at this point,

since the impact of some of these findings on our theory of memory is my main theme.
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THE DOMAIN OF A THEORY OF MEMORY

A theory of meraory must be comprebensive, that -, interdisciplinug s G e 010
reasoms. The storace mechanism is the prineipal concern of brehemint: o §m araptnsinlonists,
The morphology of its storace - whether as a multiplexed trace svstom wath anc Arace per ro-
petition. or a single trace system subjected to incrementa! chanses tn “strength™ it re petition -
is becoming a principal concern of learning theorists, Rs saseeptibility to inkilition, interfer-
ence, or confusion both at the time of new trace formation and at the time of attempted trace
retrieval or utilization is the concern o1 forgetting and transfer theorists. Also, the perhaps
unique properties of its manifestation in immediate and short-term retention is the principal
concern of psychologists interested in human information-processing performance. One knows
intuitively that all of these different approaches emphasize valid questions or issues that must
be encompassed by a general theory of memory, but nowhere — with perhaps the exception of
Gomulicki’s [20] historical-theoretical monograph on memory-trace theory — will one find

explicit systematic consideration of these several different facets of the problem of memory.

Since my present intention is to marshal snme data relevant to one of the main issues in a
general theory of memory-— namely, whether single-repetition, short-term memory, and mul-
tiple-repetition long-term memory are a dichotomy or points on a continuum —1 feel compelled
to discuss briefly what I believe to be the prn;;er domain of a theory of memory and to differ-

entiate it from a theory of learning,

After some exclusions that need not concern us here, learning may be defined as the modi-
fication of behavior as a function of experience. Operationally, this translated into the question
whether, and if so how .nuch, there has been a change in behavior from Trial n to Trialn + 1.
Any attribute of behavior that can be subjected to counting or measuring operations can be an
index of change from Trial n to Trial n + 1, and therefore an index of learning. Trials n and
n + 1 are, of course, the presentation and test trials of a so-called test of immediate memory
or they may be any trial in a repetitive learning situation and any immediately subsequent trial,
By convention a;’x_o-ng psychologists, the change from Trial n to Trialn + l"is referred to as a
learning change when the variable of interest is the ordinal number of Trial n and not the tem-
poral interval between Trial n and Trial n + 1; and the change from Trial n to Trial n + 1 is

refcrred to as a relention change when the variable of interest is the interval, and the events

during the interval, between Trial n and Trial n + 1. Learning and retention observations
generally imply that the characterisites of the task, situation, or associations to be formed
remain the same from Trial n to Trial n + 1. When any of these task or situation variables are

dellberately manipulated as independent variables between Trial noand Trial n + 1, the object

4
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ot investigation is transier of learning, i.e., the avatlablity and atilizanon of (9 merioral

products of Trial n in a "different” situation.
Now these operational definitions of learniny, retentrn, and transfer are caompletely aseptic
with respect to theéory, and 1 think it is important 1o Xeep them <o, In part] the reason is that

it is useful to keep in mind the faet that learning is never obzorved dirvectly: it iz alwavs an infer-

ence from an observed chance in performance from Trialn to Trialn « 1. Furthermore — and
this is the important point for theory --the obsvrved chabre i performance i€ alvavs a con-
"founded reflection of three theoretically separable events: the events on Trial n that result in
something being stored for use on Trialn « |, t}w storace of this product of Torial v during the
interval between Trials n and n + 1, and the events on Trial n - 1 that result in rolriéval and’/or
utilization of the stored trace of the events on Trial n. For convenience, these three theoreti-

cally separable events in an instance of learnine will be called trace formation, trace storage,

and trace utilization.

Obviously, a theory of learning must encompass these three processes. However, it must
also encompass other processes such as those unique to the several varieties of selective learn-
ing andiproblem sulving. Some advantaves will accrue, therefore, if the domain of a peneral
theory of memory is considered to be only a portion of the domain of a theory of learning,

specifically that portion concerned with the storage and retrieval of the residues of demonstrable

instances of association formation. This seems to me to fit the historical schism between
learning theories and research on memory, and the formal recounition of this distinction may
well assist in avoiding some misconceptions about the scope of a theory of memory. Historically,
in our major learning theories it has not secmed necessary to include consideration of the ques-
tion whether storage of the residue of a learning experience (Trial n) is subject to autonomous
decay, the question of autonomous consolidation through reverberation, or even to consider sys-
tematically the memory-span phenomenon. On the other hand, much of the controversy between
learning theorists surrounds the question of the necessary and sufficient conditions for associa-
tion (or memory trace) formation. And even lhbugh most learning theories must say something
about the conditions of transfer, or utilization of traces, they do not always include explicit con-
sideration of the interference theory of forgetting or alternative theories. As for those who have
been concerned with mémory theory, they have, following Ebbinghaus {21], employed the opera-
tions of rote learning, thus avoiding in so far as possible the problems of selective learning and
insuring the contiguous occurrence of stimulus and response under conditions that demonstrably
result in the formation of an association. Their emphasis has been on the storage and retrieval
or other utilization of that association, i.c., of the residual trace of il in the central nervous sys-
tem (CNS), and on the ways in which frequency of repetition and other learning affect such storage and
retrieval,
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The implication of this restriction on the domain of a therv of menyiey ix that e Uiears

will be concerned with postperceptual traces, i.e., memory traces, and not witl preperoeptual

traces, i.e., stimulus traces. It seems to me necessary to accept the notion that <timnli mav

affect the sensorium for a brief time and also the directly involved CNS seomonts| but that they
may not get “hooked up,” associated, or encoded with central or peripheral response components,
and may not, because of this failure of being responded to, become a part of a memory -trace
system. This view is supported by the recent work of Averbach and Coricll 122}, Sperling 23],
and Mackworth [24], which shows that there is a very-short-term visual preperceptual trace
which sulfers rapid decay (complete in 6.3 to 0.5 second}. Only that which is reacted toduring the
presentétio'n of a stimulus or during this postexposure short-term trace is potentially retriev-

able from memory, Although it is nol necessary to my arsument to defend this boundary for

memory theory, because if I am wronyg the slack will be taken up in a more inclusive theory of
learning, it is of some interest that it is accepted by Broadbent [25] and that it is consistent with

a wealth of recent research on “incidental learnine™ in human subjects (Postman [26]).

What, then, are the principal issues in formulating a theory of memory? They concern
either the storage or the retrieval of traces. In the storage of traces we have had four issues.’

The first is whether memory traces should be given the characteristic of autonomous decay over

time, which was dignified by Thorndike |31] as the Law of Disuse and which recently has been
vigorously defended by Brown [32]. The antithesis is, of course, the notion that associations,
once established, are permanent—a position initially formulated by McGeoch [33] and incorpo-

rated in a radical form in Guthrie's [34] theory of learning.

The second storage issue is again a hypothesis about an autonomous process, but one involv-

ing the autonomous enl.ancement (fixation, consolidation) of the memory trace, rather than decay,

The hypothesis was first formulated in the perseveration theory of Miiller and Pilzecker [35]
with emphasis on the autonomous enhancement, or strengthening, of a memory trace if it was
permitted to endure without interruption. As such, the emphasis was on a property of automatic
“inner repetition" if repetition and duration are given a trade-off function in determining the
strength of traces. More recenily, the hypothesis has been that the memory trace established

by an experience requires consolidation through autonomous reverberation or perseveration if

it is to become a stable structural memory trace in the CNS (Deutsch [1], Gerard [2], Glickman

"For the purposes of this discussion, I am ipnoring the hypothetical property of autonon:sus,
dynamic changes within memory traces in the directions specified by Gestalt laws (Koffka [27]).
While the need for such a hypothetical property is not yet a dead issue (Duncan |28], Lovibond
[29]), 1t has had very little support since the classical treatment of the matter by Hebb and

~ Foord |30}.
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11{, Hebb [30]). Presumably, the alternative view is that every experienace estai:listes x struc-
tural memory trace without the necessity of consolidation through reverberatinn or persevera-
tion, but also without denying that such reverberation or perseveration, if permitted, mav

strengthen the trace,

The third issue about storage is the one previously referred to as marphaleical fat the

molecular lovel) in our brief reference to the current controtersy atwut the all-or-none versus
the incremental notions of associatinn {ormation. The all-or-none notion implies that 1he incre-
ment in the probability of response on Trizl n « 2 is a eanzequence of establishment of independ-
ent and different all-or-none trace systems on Trials nand n « 1. the incremental notion implies
that the same trace system ié activated in some devree on Trial n and then reactivated and

strengthened on Trial n + 1. It is, of course, possible that both notions could be true.

The fourth issue about trace storage is actually one that overlaps the issues about retrieval
or utilization of traces, and currently is perhaps the most critical. This is the question whether
there are two kinds of memory storage or only one. A duplex mechanism has been postulated by
Hebb [30]. Broadbent [19] and many others, and on a variety of grounds, but all imply that one '
type of storage mechanism is involved in remembering or being otherwise afiected by an event
just recently experienced, i.e.. 'immediate” or short-term memory for events experienced
once, and that a different type is involved in the recall or other utilization of traces established
by repetitive learning experiences, i.e., long-term memory or habit. Since a clean distinction
between "immediate' memory and short-term memory is .0t possible (Melton [36]), we shall
henceforward refer to these two manifestations of memory as short-term memory (STM) and
long-term memory (LTM),

Some principal contentions regarding the dif[erenccs between the two mechanisms are that
(a) STM involves "activity" traces, whereas LTM invuives "structural” traces (Hebb [12], [37]);
(b) STM involves autonomous decay, whereas STM involves irreversible, nondecaying traces
(Hebb [12]); and (c) STM has a fixed capacity that is subject to overload and consequent loss of
elements stored in it, for nonassociative reasons, whereas LTM is, in effect, infinitely expan-
sible, with failure of retrieval attributable =ainly to incompleteness of the cue to retrieval or
to interference from previously or subsequently learned associations (Broadbent [19], [25[). On
the other hand, the monistic view with respect to trace storage in general, accepts the character-
istics of L'TM storage as the characicristics of STM storage as well, and thus ascribes to the
traces of events that occur only once the same "structural™ properties, the same irreversibility,

the same susceptibility to associational factors in retrieval, as are aseribed to LTM.
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The bridge to the theoretical problems of trace retrevad and wilizatess o menr copge-
nents of a theory of memory is obvinusly wrouvht by the issus of memory as u dichtomy nr g
continuum. Those who tavor a dichotomiv do so un the basis of data on retent: o faroetting, or
transfer that suzgest two distinet sets of conditions for retrieval and utitizatinn of traces: those
who fasor a continuum do so on the basis of data that suzgest a single set of conditions or prin-

ciples.

The history of our thought about the problems of retricval and utihzation of traces reveals
three main issues. The first is the question of the doependence of the retrieval on the complete-
ness of the reinstatement on Trial n + 1 of the stimulatin situation present on Trial n. Psy-
chologists have formulated several principles in an attempt to describe the relevant observations,
but all of them may be subsumed under i principle which asserts that the probability of retrieval
will be a decreasing function of the amount of stimulus change from Trial nto Trialn « 1.
Changes in directly measured and manipulated cue stimuli, like the CS in a classical condition-
ing experiment, that result in decrement in response probability are genei‘all_\' referred to a sub-
principle of stimulus generalization (Mednick and Freedman [38]): changes in contextual stimuli
that result in forgetting are usually referred to a subprinciple of altered stimulating conditions
or altered set (McGeoch & Irion [39)); and stimulus changes that occur iu »pite of all attempts
to hold the stimulatinﬁ‘situation constant are referred to a subprinciple of stimulus fluctuation
(Estes [40]). Since th¢$e are all principles of transfer, when they are emjloyed to interpret
failure of retrieval oh"'i‘rial n + 1, it is clear that all principles of transfer of learning, whether '
they emphasize the occurrence of retrieval in spite of change or the failure of retrieval in spite
of some similarity, are fundamental principles of trace retrieval and utili~ation. At this moment
I see no need to differentiate between the dual- and single-mechanism theories of memory with
respect to this factor of stimulus change in retrieval, but an implicit and undetected one may

exist.

The second issue relates to the interactions of traces. Here, of course, is the focus of the
interference theory of forgetting which has, in recent years, led us to aceept the notion that
retrieval is a function of interactions bétween prior traces and new traces at the time of the
formation of the new traces, as well as interactions resulting in active interference and blocking
of retrieval. This theory was given its most explicit early expression in the attack by MeGeoch
[33] on the principle of autonomous decay of traces, and has been refined and corrected in a
number of ways since then (Postman [14]). In its present form it includes the hypothesis of
irreversibilily of traces and all failures of retrieval or utilization are intex:preu—\d as instances

of stimulus change or interference. Therefore, a one-mechanism theory of memory is implicit,

et mn o e FARES . . 5
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However, it has been recognized (Melton 117 11 that the prpncial evrdence for b hoory bos
come {rom the study of retrieval following multinle-repetition Tearntns, wed Tt Be oatengio
of the theory to STM is not necessarily valid, Since dunl-mechaasm theorists as 5ot tha
retrieval in STM is subject to disruption through overloading, b ot throuoh assaesative ey
ference, a prime focus of memory theory beconies the que stian f assocumtive ol pforonce

effects in STM,

A third important issue related to retricval is the e lationship betaven renctitiog and
retrieval probability, Although the fact of & strons correfation stween repetition and prob-
ability of retrieval seems to be not questinable, the theary of memors must Lfocompass two
important questicns about repetition, The first is whether repetition multiplies the number of
all-or-none traces or whether it produces incremerntal changes in the strencsth of a trace. This
has alrcnd_\"kjeen listed as a problem in storage, but it is obvinus that the alternative notions
about siorage have important implications for the ways in which repetitions may be manipulated
to increase or decrease the probability of retrieval. The second is whether there is a funda-
mental discontinuity between the characteristics of traces established by a single repetition
and those established by multiple repetitions (or sincle repetitions with opportunity for con-
solidation). This appears to be the contention of the dual-mechanism theorists, whereas a
continuum of the effects of repetition in the establishment of “structural” permanent traces

seems to be the accepted position of the single-mechanism theorists,

In summary so far: when the domain of a theory of memory is explicitly confined to the
problems of the storage and retrieval of memory traces, it becomes possible to formulate -

“and examine some of the major theoretical issues under the simplifying assumption that the
formation of the associatic s or memory traces has already occurred. Then it becomes clear
that the conflicting notions with respect to the properties of trace storage and the conflicting
notions with respect to the principal determinants of trace retrieval, or failure thercof, converge
on the more fundamental issue of the unitary or dual nature of the storage mechanism, My
plan is to examine these alleged differences between STM and LTM in the light of some recent

studies of human short-term memory, and then return to a summary of the imiplications these

studies seem to have for the major issues in formulaling a general theory of memory,
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3
STM AND LTM: CONTINUUM O DICHOTONY
The contrasting characteristics of STM and LTM that kave Lol v the Bupeebhesie that there
are two Kinds of memory hiave not, to my knowledoe, been consptored svsrennaneativ by any
memory theorists, although Hebb [12 ], Broadbent {19, 25, 41, ard Brown 1327 have defended

the dichotomy,

The decay of traces in immediate memory, is contrast to the permanence, even irreversi-
bility, of the memory traces established throuch repetitive learning, is the mnast universally
acclaimed differentiation, For Hebb [12] this rapid decay is a correlate of the nonstructural,
i.e,, "activity," nature of the single perception that is given neither the “fixation™ effect of
repetition nor the opportunity for “fixation” throush reverberation. For Broadbent {19, 41|
and Brown [32], this autonomous decay in time is a property of the postulated STM mechanism,
and attempts have been made {e.g., Conrad and Hille [42]) to support the notion that time per
se is the critical factor in decay. Obviously, this autnnomous decay can be postponed by re-
hearsal— recirculation through the short-term store (Broadbent [19])—and Brown [32] has
maintained that such rehearsal has no strengthening effect on the structural trace. However,
the decay of a specific trace begins whenever rehearsal is prevented by distraction or over-
loading of the short-term store (Broadbent [19, 41]). A corollary of this last proposition is
that the initiation of the decay process, by dislodging the trace from the short-term store, is
not dependent on new learning and therefore not on the associative _ixr;?texjference principles
which account for most if not all of the forgetting of events that roacij the long-term store

through repetition, reverberation, or both (Broadbent {25 ]).

These characterist s contrast sh:u'plyb with those attributed to LTM by the interference
theory of forgetting which has dominated our thinking since ;\‘choocl}f'S [33 | classical attack on
the Law of Disuse and which has gained new stature as a consequence of recent refinements
(Melton [17 |, Postman [14]). This thecry implies (a) that traces, even those that result from
single repetitions, are "structural™ in Hebb's sense, and are permanent except as overlaid
by either the recovery of temporarily extinguished Sll‘()ll;::(,‘l; (:ompotihg" traces or by new traces:
(b) that all persistent and progressive losses in the retrievability of traces are to be attributed
to such associative interference factors and not to decay or to a combination of nonassociative
disruption plus decay. As a consequence of these two implications, it is assumed that the
effeet of repetition on the strength of the single type of trace is a continunus monotonic process,
On this basis a continuum is assumed to encompass single events or sequential dependencies

between them when these events are well within the span of immediate memory, and also

10
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cotlex sequences of events) such as gu serol aod poatred-ossariate RS, thut are far teoaond

the span of immediate memory and thus require mualtiple ropetitions for mastery <f the entyre

sct of events or relations between them,

In my discussinn of the question: "STM or LTM: continuuni or dich £ome ™™ o] there-
fore examine some experimental data on STM 1o see () whether they are r2erprotable in
terms of the interference factors known to operate in LTM, and th) whwthor the durability of
memory for subspan and supraspan to-he-remembered urits 15 o eomtinguas functin of repes

titions.

The reference experiments that provide ihe data of interest are thase recently devised
by Peterson and Peterson [43] and Hebb [37 1, with major emphasis an the former. Although
a number of ingenious techniques for investizating STM have be en invented doring the last few
years, I believe that the Petersons® method is the kev to intecration of retertion data on
immediate memory, STM, and LTM. The reason is that, as you will see, it can be applied to
to-be-remembered units in the entire range from those well below the memory span to those
well above it, and the control and manipulation of duration and frequency of presentation are

essentially continuous with those traditionally emploved in list memnrization,

In what must have been a moment of supreme skepticism of laboratory dogma, not unlike
th:tt which recently confounded the chemist's douma that the noble pases ;.}. nonreactive ‘
(Abelson [44]), Peterson and Peterson [43 ] determined the recallability of single trigrams,
such as XJR, after intervals of 3, 6, 8, 12, 15, and 18 seconds, Tho trigr:\ms‘woro presented
auditorily in 1 second, a 3-digit number occurred during the next second, and S (subject) ‘
counted backward by 3's or 4's from that number until, after the appropriate imerval, he re-
ceived a cue to recall the trir am, S was given up to 14 seconds for the recall of the trigram,
thus avoiding any time pressure in the retrieval process. The principal measure of retention

1

was the frequency of completely correct trigrams in recall,

The results of this experiment arc shown in Figure 1. It is noteworthy that the curve has
the Ebbinghausian form, even though the maximum interval is only 18 seconds, and that there
is an appreciable amount of forgetting after only 3 and 6 seconds. Other observations reported
by the Petersons permit us to estimate that the recall after zero time interval, which is the
usual definition of immediate memory, would have been 907, which is (o say that in 10% of the
cases the trigram was mispercelved, so that the forgetting is actually not as great as it might
appear to be, Even with this correction for misperception, however, the retention after 18
seconds would be only about 207, which is rather startling when one remembers that these tri-

grams were well below the memory span of the college students who served as Ss.
* .

+

11
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FIGURE 1. PERCENTAGE FREQUENCY OF COMPLETELY CORRECT RECALL OF
3-CONSONANT TRIGRAMS (Peterson & Peterson [43], Murdock [45], AND 1-WORD
" AND 3-WORD UNITS (Murdock [45]).

The rapid deteriora‘ion of performance over time is not inconsistent with the decay theory,
nor is it necessarily inconsistent with the notion that traces from single occurrences of single
items are in a continuum with traces from multiple items learned through repetition, However,
additional data obtained by the same method. were soon forthcoming, Murdock [45] first rep-
licated the Peterson and Peterson experiment with 3-consonant trigrams, and then repeated all
detlails of the experiment except that in one study he used single common words drawn from
the more frequent ones in the Thorndike- Lorge word lists, and in another study he used word
In Figure 1, Mur-

dock's results from these three experiments are shown alongside the Petersons' results, His
Of con-

triads, i.e,, three unrelated common words, as the to-be-remembered unit,

replication of the Petersons' study with trigrams gave remarkably similar results,

siderable significance, as we will see later, ishis firding that single words are forpotten less

12
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than trigraoms, but that snme forgetting occurs with even sych simple units. Finallv, the mose
seminal fact for theory in these exneriments is his discovery that word triads act ke 3-con-

sonant trigrams in short-term retentjon,

Murdock’s data strongly suggested that the eritical dvterminant of the sbspe of the short -
term retention function was the number of Millerian [46] “chunks®™ in the th-be-rememiy-red
unit, Of even greater importance from my point of view, was the imolication that, other things
being equal, the rate of forgetting of a unit presented once is a function of the amount of intra-
unit interference, and that this intraunit in.crference is a function of the number of encoded
chunks within the item rather than the number of physical elements, such as letters or infor-

mation units,

Tﬁe first of several projected experimental tests of this hypothesis has been complete'd.2
The to-be-remembered units were 1, 2, 3, 4, or 5 consonants. The unit, whatever its size,
was presented visually for 1 second, and read off aloud by S, Then 0.7vsecond later a 3-digit
number was shown for 1 second and removed, The S read off the number and then counted
backward aloud by 3's or 4's until a visual cue for recall, a set of 4 asterisks, was shown,
The delayed retention intervals were 4, 12, and 32 seconds, and a fourth condition involved
recall after only 0.7 second, hereafter referred to as the zero interval, The Ss were given
'8 seconds for the recall of each item, In the course of the experiment each S was tested four
times at each combination of unit size and interval, for atotalof 80 observations. Every condi-
tion was represented in each of four successive blocks of 20 observations, and there was
partial counterbalancing of conditions within the blocks and of to-be-remembered units be-
tween the blocks, Through my error, the to-be-remembered units of each specific size were
not counterbalanced across .ae four retention intervals, Thanks only to the power of the vari-

able we were investigating, this did not, as you will see, materially affect the orderliness of
the data,

The results for the last two blocks of trials are shown in Figure 2, Again, the measure of
recall performance is the percentage of completely correct recalls of the to-be-remembered
unit; i.é., the single consonant had to be correct when only one was presented, and all five

consonants had to be correct and in the proper order when the 5-consonant unit was presented,

The same relationships hold when Ss are notaswell practiced in the task, i.e., in Blocks 1 and

2, although the absolute amounts of forgetting are greater, The data in Figure 2 are to be

This study and a subsequent one are graduate research projects to be reported under the
title, ""Short-Term Memory for Individual Items with Varying Numbers of Elements," under
the authorship of A, W. Melton, R. G. Crowder, and D. Wulff,

13
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proferred to those for the carlier stuces of practics, beeause abl five curves inthis fioure
have their origin very near to 1007 recall. That is, 15 all cases it i3 possible 1 agsume thit

Ss had, in fact, learned the to-be-remembered unit during the 1-secorad precentatinon interval,
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FIGURE 2. PERCENTAGE FREQUENCY OF COMPLETELY CORRECT RECALL OF UNITS »
OF 1 TO 5 CONSONANTS WITH WELL-PRACTICED Ss (BLOCKS 3 AND 4),
C = consonant; N = number of observations.
Aside from the self-evident generalization that the slope of the short-term forgetting
curve increases as a direct function of the number of elements in the to-be-remembered unit,

two features of these data are worthy of special attention, First, it should be noted that the

14




A

Institute of Science and 'Techndfogy : The University ob a,.

v PR
N SRR

slope of the curve for the 3-consonant units is rot as steep as that reparted Ben feeth I teirenn
and Peterson [43] and by Murdock [45]. We do not know why there is this disersnaney, al-

thourh it oceurs consistently in our work with the Petersnns® method,

The other point of interest is the obvious forcetting of the 1-ennsonant unit, This curve
pur:n”els almost exactly the one obtained by Murdock for single wards, Bith {indines have
significance for theory because they represert instances of forcettine when the intraunit inter- '
ference is at a minimum for verbal units. But before giving additional consideration to this
point, a further set of data from this experiment needs te be presented and a more general

statement of the obscrved relationships deserves formulation,

If the increased slopes of the forget_ting curves shown in Fivure 2 are attributed to an
increase in intraunit interférence, it is of some importance to show that the more frequent
breakdown of complete recall as one increases the number of letters in the to-be-remembered
unit is not merely a breakdown in the sequential dependencies between the letters, but is also
reflected in the frequency of correct recall of the first letter of the unit. In Figure 3 are shown
the percentages of first-letter recalls in the last two blacks of our experiment. Although this
graph lacks the monotonic beauty of the curves for whole units correct, I am willing to accept
the generalization that first-letter recall suffers interference as a function of the number of
other letters in the to-be-remembered unit, Thus, what Peterson [47] has called “"background
conditioning,” which is measured by the recall of first letters, and what he has called "cue
learning,” which is represented by sequential dependencies in recall, are affected alike by the
number of elements in the to-be-remembered unit. This is expected in so far as there is
functional parallelism between "free” recall and serial or paired-associate recall with respect

to the effect of learning anu interference variables (Melton [36]).

In Figure 4 the results obtained so far have been generalized and extrapolated., This set

of hypothetical curves will be used as the concebtual anchor fof three points that are related

| to the question whether short-term and long-term memory are a dichotomy or points on a
continuum, The first, and most obvious, point about the figufe is that it reaffirms the notion
that intraunit interference isa major factor in the short-term forgetting of subspan units, but
now the parameter is the number of encoded chunks, instead of the number of physical elements
or information units. This is consistent with Miller's [46 ] cogent arguments for the concept

. of chunk as the unit o[imeasuremcnl of human information-processing capacities, It is also the.
unit most likely to havea 1:1 relationship to the memory trace. Obviously, it {s also the con-
cept demanded by the parallelism of the findings of Murdock with 1 and 3 words and our find-
ings with 1 to 5 consonants, even though it cannot, of course, be asserted that the number of
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clements beyond one iy these experiments, be they anrds or covsomrts, stasd re L 10 rolu-

tionship to the number of chunks., Even thouch the strincs of corsanunts froour exoerimernt

were constructed by subtracting from or combining the eonsonurt trizrams of Witmer (451

association values less than 607, there were surely some easy-to-lears Jetter sequences and
sSOMe hard-tmlearn letter sequences, That such differences in mv;v'i:‘:;::':.zh';vss are correlated
with chunkability is well known (Underwnod and Schalz {43 )10 Alss, Poterson, Prtersnn, and
I\ﬁller [50} have shown, although on a Iimited seale, that the meanizzfelness of CVC teigrams
is positively correliated with recall after 6 seconds inthe Petersons' method. But perhaps the

greatest gain from the use of the chunk as the unit of measurement, in formulating the otherwise
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FIGURE 3. PERCENTAGE FREQUENCY OF CORRECT RECALL OF"'I‘HE FIRST LETTLR
IN 1- TO 5-CONSONANT UNITS WITH WELL-PRACTICED Ss (BLOCKS 3 AND 4),
C = consonant: N = number of observations,
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empirical generalization, is a sucgestion about how we mar gune2ify the “chusi ax gm ity
vening variable, It suggests to me that we ray be abile g estidbiish ermpirieal bs oedy maris oy
1,2,3,...,nchunks in terms of the slopses of short-term memory furetions weod then ute

these slopes to calibrate our verbal learning materials in terms of a chunk seyle,

CORRECT RECALL (%)

RETENTION INTERVAL (seconds)

FIGURE 4. RECALL AS A FUNCTION OF RETENTION INTERVAL AND THE NUMBER
OF "CHUNKS" IN THE TO-BE-REMEMBERED UNIT. The curves show the expected re-
lationship between the number of recoded units (""chunks®) in the to-be-remembered unit,
the duration of the short-term retention interval, and the percentage frequency of com-
pletrly correct recall, when each to-be-remembered unit is presented once, i.e., with just
sufficient duration for one completely correct perceptual encoding, The solid-line curves
‘represent some of the empirically determined functions, the dashed lines represent extrap-
olated functions, and the dotted line represents the expected short-term memory function
for a to-be-remembered unit what is at memory-span length for the individual 8.
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The evidenee thot the slope of the short-term fornotting curve tnereases dromaticat!y ag

a tuactinon of the number of encoded churks in the unit is evidenes agatnst w2t wrmnsus docav's
being a major factor, but it does not deny that such decay may accur, It is evidence apuing
decay as a major factor because (i) a single consorant was remembaered wath very Bivh fre-

quency over a 32-second interval filled with numerical operations that surcly qualify as over-

Ioading and disrupting activities (il one grants that the Petersoms™ methnd adequatelt controls
surreptitious rehearsal), and (b} the mujor portion of the variance in recall is accounted for
by intraunit interference (H), rather than time, It does wot deny that decay may occur, since

there was some forgetting of even the sinsle ennsonant fand of the single word in Murdock's

experiment) even though only one chunk was involved, and intraunit interfercnce was at a mini-

mum, H

The reason for the forgetting of the single chunk is, I believe, to be found in the nther
sources of interference in recall in this type of experiment, In the first place, I presume that
no one will argue that counting backward aloud is the mental vacuum that interference theory
needs to insure the absence of retroactive inhibition (RI) in the recall of the to-be-remembered
unit, nor is it necessarily the.least interfering, and at the same time rehearsal-preventing,
activity that can be found for such experiments. However, wé must leave this point for future
rescarch, because we have none of the systéﬁr:utic studies that must be made on the effects of
different methodsof filling these short retention intervals, and we also have no evidence, there-

fore, on the extent to which retroactive interference and intraunit interference interact.

On the other source of interference which may explain the forgetting of the single chunk —
namely, proactive interf renée (PI)—we do have some evidence. Peterson [47] has maintained,
on the basis of analysis of blocks of trials in the original Peterson and Peterson [43] study,
that there is no evidence for the build-up of proactive inhibition in that experiment, only prac-
tice effects. However, this evidence is unconvincing (Melton {36 ]) when practice effects are
strong, and if it is assumed that proactive inhibition from previous items in the series of
tests may build up rupidly but become asymptotic after only a few such previous items, Such
an assumption about a rapidly achieved high steady-state of Pl is given some credence by the
rapid development of a steady state in frequency of false positives in studies of short-term

recognition memory (Shepard and Teghtsoonian [51]),

A second, and powerful,?argument for large amounts of PI throughout the Peterson type of
experiment is the frequency of overt intrusions from previous units in the series during the
attempt to recall an individual unit., Murdock [45 | found such intrusions in his studies of short-

term retention of words, and there was the strong recency effect among these intrusions that is
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te be expected if the steady-state notion is wuhid, The aralysis of suech irtrusies in studies
involving letters rather than words is limited by the jdectifinbility of the sruree «F the jntra.
sions, but all who run experiments with letters become convineed that such intrusions are very
common and usually come from the units just prf‘C(‘di!t'.Z.z

More systematic evidence for strong PI ¢ ffects in STM in the Potersons® type of experi-
‘ment is given by Underwood and Keppel [9]. - A renresentative findins is shown in Figure 3.

A 3-consonant item which is the first item in the series is recalled almost perfectly after as

1.0
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= 0.8 p—
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I
oo: 0.6 |- \\\ 18 Seconds
g . s\‘
3 SO meeno
[25] 0.4 o
=
(o]
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FIGURE 5. RESPONSES VS, TESTS. Percentage frequency of completely correct recall of
3-consonant trigrams after 3 and 18 seconds, as a function of the ordinal position of the test
in a series of tests. The decline in recall roflects the build-up of proactive inhibition

(Underwood and Keppel {9]).

3Apparcnt intrusions from preceding to-be-remembered units were very common in the
1-5-consonant experiment reported hore, but the experimental desipn did not counterbalance
first-order sequence effcets gver conditfons and nothing meaningful can be sald about such in
trusions except that they ‘oceur with substantial frequency, '
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lone as 18 secands, and P1 buiilds W rapiciy aver ems, esperindly L the Dolor retemiy
interval, These data support the potioer that there §5 cubstantial PUs the Poterson and Poter.
son experiment on short-term memory for sincle verbal units, As such, they, as well ag the

. other evidence rited, indicate that the small amoust of toroetting of simcle omssnets or single
words over short intervals of time may be p:u'!!j.", if ot entivelv, attribatable to the Pl resulting
from sequential testing of recall of surh rens, Keppel and Podi raonid®s results do not, how-
ever, support the view that the Pl reaches a steady state i as few as five items, but this does
nnt necessarily deny the steady-state -otion, Als s, o carcful stoly of these data and the data
on intraunit interference _sug«.:osz.s some strong anteractions vtween PLintraunit interference
(I1), and the retention intcrval, all of which would support the interference interpretation: but
discussion of these interactions would be tedinus and unrewarding until properly designed

experiments have been performed.

My conclusion from all this is that there is sufficient direct or inferential evidence for
PI, BRI, and II in the short-term retention of sinule subspan verbal units, and that the PI and
potential RI may account for the observed forgetting of nne-chunk units, that is, when II is

minimal, So much for interference,

The other line of investigation that needs to be considered before the question of continuum
vs, dichotomy can be properly assessed has to do with the effect of repetition on the short-

term memory for subspan and just-supraspan strings of elements or chunks,

The coneept of the memory span is rather important in this discussion because it is the
boundary between the number of elemonts, or chunks, that can be correctly reproduced im-
mediately after a sing’  repetition and the number of elements, or chunks, th:ﬁ require two or
more repetitions for immediate correct reproduction, Interestingly enough, the short-term
forgetting curve for a unit of memory-sp i iength turns out to be the limiting member of the
hypothetical family of curves that has been used to generalize the relationship between the
slope of the forgetting curve and the number of chunks in the to-be-remembered unit, The
extrapolated forgetting curve for a unit of memory-span length is shown as the dotted-line

curve of Figure 4,

The origin of this limiting curve on the ordinate will, of course, depend on the statistical
definition of the span of immediate memory, but in order to be consistent T have placed it in
Figure 4 at or near 100% recall after zero interval, It is also assumed that the presentation
time for this and all other smaller numbers of chunks is just sufficient for one perceptual en-

coding of each element, i.e., for one repetition, For a unit of span length it is not surprising
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that a precipitous decline of completely correct recall to zero 1s enperted whon oriv very
short, but filled, delavs are introduced befsre recall becins, No experiment in the Htcrature
fits these operatinnal requirements exactly, bat the prediction is a matter of comnmrn experi-
ence in looking up telephone numbers; and we also have Conrad’s [52} evidence that 8s show &
radical reduction in correct dialing of 8-dicit numbers when required merely to dial “zero™

before dialing the number,

v At this point we are brought face to {ace with the questinn of the effects of repetition of
subspan and supraspan units on their recall. Such data are important for at least two reasons.
In the first place, the argument for a continuum of STM and LTM requires that there be only
orderly quantitative differences in the effects of repetition on Subs;mn and supraspan units. In
the second place, if repetition has an effect on the frequency of correct recall of subspan units,
such as consonant trigrams, this must certainly have some siunificance for the conceptualiza-

tion of the strength of a memory trace —whether it is all-or-none or cumulative,

The effect of time for rehearsal of a set of items before a filled retention interval was
first studied by Brown [32]. His negative results led him to the conclusion that recirculation
of information through the temporary memory store merely delays the onset of decay, but does
not strengthen the trace, However, the original Peterson and Peterson [43 ] report on the
retention of consonan} trigrams included an experiment which showed a significant effect of
instructed rehearsal on short-term retention,

Fortunately, we now have available a report by Hellyer [53 ] in which consonant trigrams
were given 1, 2, 4, or 8 visual presentations of 1 second before retention intervals of 3, 9, 18,
and 27 seconds, His data ‘ire shown in Figure 6 and require little comment, Obviously, a »
consonant trigram is remembered better with repetition even though it is completely and cor-
rectly perceived and encoded after only one repetition, as judged by the immediate recall of it.
The slopes of the retention curves in our hypothetical family of curves based on the number
of chunks in the to-be-remembered unit are, therefore, a joint function of chunks and repeti-
tions. Perhaps a better theoretical statement of this concept would be to say that repetition
reduces the number of chunks in the to-be-remembered unit, This is the reason that one Word

and one consonant have the same rate of forgetting.

As for the effect of repetition on just-supraspan units, we have no data directly comparable
with those of Hellyer for subspan units, but we do have data from a much more severe test of
the repetition effect.’ I refer to the method and data of Hebb's [37] study in which he disproved

to his own satisfaction his own assumption about "activity" traces. In this experiment he
. 7
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presented a fixed set of 24 series of 9-dust pumbers, Fach of the dizits from 1 in ¥ was used
nhly anee within each to-be-remembs-rod unit, The gertes was read aload 10 8 3 the rate of
about 1 digit ‘second, and S was instructed to repeat the divits immediately in exactly the same
order, The unusuil feature of the experiment was that exactly the same series of dizits

occurred on every third trial, i.e., the 3rd, 6th, 9th . [ | 24th, the athers varving in random

fashion,
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FIGURE 6, RECALL VS, INTERVAL BEFORE RECADL, Percentage frequency of completely
correct recall of 3-consonant trigrams as a function of the frequency of l-second presentations
of the trigram before the beginning of the retention interval (Hellyer [53 ]).

His results are shown in Figure 7. Hebb considered the rising curve for the repeated
9-digit numbers, when contrasted with the flat curve for the nonrepeated numbers, to be suf-

ficlent basis for concluding that some form of structural trice results from a single repetition
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of an axsceiative sequence of events. Further, ke properly concdors this to fes o denyanstra-
tion of the cumulative structural effects of repetition undér extrems v adyiree conditiamg in-

volving large amounts of Rl
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ORDINAL NUMBFR OF 9-DIGIT SERIES "

- FIGURE 7, PERCENTAGE FREQUENCY OF COMPLETELY CORRECT RECALL OF 9-DIGIT
NUMBERS WHEN TESTED IMMEDIATELY. The "repeated series' was a specific 9-digit se-
quence that occurred in the 3rd, 6th; 9th . ., 24th position in the series of tests, Other points

represent nonrepeated 9-digit numbers (Hebb [37]). N = number of observations,
Hebb's method in this experiment may well be another important invention in the analysts
of human memory, But I was not completely satisfied with his experiment and the reliability
of his findings. for reasons that need not be detatled here. As a consequence of these uncer-
tainties, I have repeated and extended Hebb's experiment by giving each of 32 women Ss two
practice numbers and then 80 tests for immediate recall of 9-digit numbers. “Within these 80

tests there were 4 instances in which a specific 9-dirit number occurred 4 times with 2 other
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3

pumbers intervening between successive triats, 4 in which o spectfic numiv g verorroed 3 tipes
with 3 intervening numbers, 4 for 4 trials with 5 interveniog numbers, wed 3600 2 100« with
8 intervenine numbers, In addition, there were 16 9 digit rumbers that ocenrrod only unee,

I will not try to describe the interioeking pattern of events that wis used t, achir ve this desion,
but the design chosen was used in both a Srwaerd and backaard order for difforest Seand the
spelcifi(' repeated numbers were ased equally clten under the different Sbm*ir«:s of repetitions,
Furthermore. within the entire set of 32 different 8-dirit numbers used i:: this experiment,
interseries similarities were minimized by insuring that no more than two dicits ever occurred
twice in the same order. The numbers were presented visu;«!!y frr 3.7 seconds, and S recorded
her response by writing on a 3 % 5-in card which contained 9 blocks. Rceall began 0.7 second

after the stimulus slide disappeared, and 8.8 seconds were allawed for recall,

Unfortunately. my Ss behaved in a srmewhat minre typical fashion than Hebb's did, in that
they showed substantial nonspecific practice effects. This complicates the determination of
the effects of specific repetition, because later trials on a particular 9-digit number must
always be later in practice than earlier trials, and also because this confounding of specific
and nonspecific practice edfects is more serious the greater the interval between repetitions
of a specific number. This confounding has been eliminated, at least to my satisfaction, by
determining the function that seemed to Le¢ the most appropriate fit to the practice curve based
on first occurrences of specific;numbers. This function was then used t‘b correct obtained
scores on the 2nd, 3rd. and 4th repetitions of a specific number in a manner and 'amount

appropriate to the expected nonspecific practice effect,

A preferred measur > of the effect of repetition in this situation is the mean number of
digits correctly recalled in their proper positions. In Figure 8 is shown the mean number of
digits correctly recalled, as a function of ordin.l position of the first occurrence of a 9-digit
number within the experimental session. This merely confirms my statement about practice
effects, exhibits the equation used for corrections for general practice effects, and permits

ohservation of the large variability of mean performance in this type of experiment.

The principal data from the experiment arc shown in Figure 9. The effect of repetition of a
specific 9-digit number is plotted, the parameter being the number of other different 9-digit K
numbers that intervened between successive repetitions of the specific number, In these curves
the points for first-repetition performance are obtained points, and those for performance on
the 2nd, 3rd, and 4th repetitions have been corrected for. nonspecific practice effects. In Figure 10
these last data are expressled as gains in performance over pcriormnnce on the first occur-
rence uf a number. Comparable data for gains in the frequency with which entire 9-digit num-

bers were correctly recalled show the same relationships,
‘ 24
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FIGURE 8. THE NONSPLCIFIC PRACTICE EFFECT IN THE RECALL OF NEW AND DIFFER-
ENT 9-DIGIT NUMBERS IN THE COURSE OF THE EXPERIMENT .

These data not only confirm the Hebb data but also add substance to an m:gum‘ent for a
contiﬁuum of immediate, short-term, and long-term memory, Jus‘t as a continuum theory
would have predlcted Hebb's results with two intervening numbers between repetitions of a
specific number, it also would predict that the repetition effect would be a decreasing function
of the number of intervening nur bers because between-repetition retroactive inhibition is
being increased. Even so, I am not sure that ~av theory would have predicted that one would
need to place as many as 8 other 9-digit numbers in between r'bpvtitioﬁs of a spoc.;ific: 9 -dixit
number before the repetition. effect would be washed out, Surely, the structural memory trace

established by a single occurrence of an cvent must be extraordinarily persistent.
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FIGURE 9. DIGITS RECALLED VS. REPETITION, Mean number of digits correctly recalled,
as a function of the nur’ er of repetitions of the specific 9-digit number and of the number of
- other 9-digit numbers that intervened hetween repetitions, The data points for the first repeti-
tion are obtained values; the data points for the second, third, and fourth repetitions reflect
corrections for nonspecific practice effects. '

With respect to our hypothetical family of retention curves based on the number of chunks
in the to-be-remembered unit, we can now with some confidence say that events which contain
chunks beyond the normal memory span can be brought to the criterion of perfect immediate
recall by reducing the number of chunks through repetition. If this empirical model involving
chunks and repetitions to predict short-term forgetting is valid, it should be possible to show
that a supraspan 9-chunk unit that is reduced to 7 chunks through repetition would have the
short-term forgettiﬂ"l‘lg curve of a T-chunk unit, and one reduced through repetition to a 3-chunk
unit should have a 3-chunk short-term forgetting curve. Even though this prediction is prob-

ably much too simple-minded, it now requires no streteh of my imagination to conceive of the
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“immediate” or short-term memory for cincle anits and the mersrey for memsrizsd sapa-

span units, like 12 serial nonsense svilubles or 8 poired assoetates, as bed entieg vn oo coantitaan,,
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FIGURE 10, GAINS IN DIGITS RECALLED VS, REPETITIONS. Mean gains in number of digits

correctly recalied, as a function of the number of repetitions of a specific 9-disit number and

of the number of other 9-digit numbers that intervened between repetitions, All gain scores
have been corrected for nonspecific practice effects,

4
IMPLICATIONS
We may now turn to the implications these data on short-term memory seem to me to have
for a theory of memory. T will attempt no finely spun thcory, because such is neither my talent
nor my interest. Also,,I can be bricf because, aged Funetionalist that Tam, I would be the first
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to admit —even insist — that my inferences are stated with confidence anly for the storacse and

retrieval of verbal materiat demonstrably encoded by adult human Ss,

The duplexity theory of memory storage must, it éevmx tor me, vield o the evidence
favoring a continuum of STM and LTM or else come up with an adequate accounting for the
evidence presented here, My preference is [or a thearetical stratesy that aceepts STM and
LTM as mediated by a single type of storage mechanism. In such a continzuum, frequency of
repetition appears to he the important independent variable. “churking™ seems to be the im-
portant intervening variable, and the slupe ot" the retention curve is the important dependent
variable, I am persuaded of this by the orderly way in which repetition operates on hoth sub-

“span units and supraspan units to increase the probability of retrieval in recall, and also by
the parallelism between STM and LTM that is revealed as we Iook at STM with the conceptual

tools of the interference theory of forgetting which was developed from data on LTM,

The evidence that implies a continuurs of STM and LTM also relates, of course, to some
of the other issues about the characteristics of memory storage, Although it is perhaps too
early to say that the autonomous decay of traces has no part in forgetting, whether short-term
or long-term, I see no basis for assuming that such decay has the extreme rapidity sometimes
ascribed to it or for assuming that it accounts for a very significant portion of the forgetting
that we all suffer continually and in large amounts. On the contrary, the data from both STM
and LTM tempt one to the radical hypothesis that every perception, however fleeting and em-

bedded in a stream of perceptions, leaves its permanent “'structural” trace in the CNS, '

In so far as [ can understand the implications of the consolidation hypothesis about memory
storage, I must concur .ith Hebb's [37] conclusion that his experiment demonstrates the fixa-
tion of a structural trace by a singic repetition of an event and without the benefit of autonomous
consolidation processes, In fact, I think that our repetition and extension of his experiment

establishes that conclusion even moie firmly, because it shows that the retrievability of the

trace of the first experience of a specific 9-digit number is a decreasing function of the amount
of reuse of the elements in the interval between repetitions, Thercfore, as far as our present
data go, it seems proper to conclude that a consalidation process extending over more than a
few seconds {s not a necessary condition for the fixation of a structural trace. This does not,
of course, deny that consolidation may be a necessary condition in other types of learning or
other types of organism, nor does it deny that types of experience (e.g., Kleinsmith and Kaplan
[54], Walker [55]) other than the mundane remembering of nonsense strings of letters or words

may benefit from such autonomous consolidation processes if they are permitted to oceur.
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The issue as to whether memory trices are established i an ineremental or ailenrarone
fashion can be refined, but not resolved, on the basis of our observatiuns or Qurtotvrey mem-
ory. Inall of the experiments with the Petersons® method, the initial aperatinon was to insure
that S encoded, i.e., learned, the to-be-remembered unit in a sinele ]-.s(nr»')"‘d rresentation of
it before the retention interval was introduced, This 1 "onectrial” learnins in a more exact
sense than has been true of various attempts to demonstrate the all-ar-nore principle in
associative learning (Postman [10]). Yet foruetting was rapid and strongty a function of the
amount of potential intraunit interferencs in the to-he-remembered unit. Alsa, this unit that
was perfectly remembered after one repcetition was better remembered after multiple massed
repetitions, The proper question in the case of verbal assnciative learning seems, therefore,
to be which choracteristics of the trace storaze reflict the effocts of repetiticns on perform-
ance, rather than the question‘whetho‘r such associative connections reach full effective
strength in one trial. The question whether repetitions multiply the number of traces leading
to a particular response or produce incremental chances in specific traces seems to me to be
subject to direct experimental attack. Perhaps acain because of my Functionalist background,
I am inclined to believe that future research will show that both the multiplexing of traces and
the incremental strengthening of traces results from repetition. Which mode of storage
carries the greater burden in facilitating retrieval will depend on the variability of stimulation
from repetition to repetition and the appropriateness of the sampling of this prior stimulation

at the time of attempted retrieval.

Finally, with respect to the retrieval process, the theory of which is dominated by trans-
fer theory for LTM, it seems that the placing ¢f STM and LTMon a continuum —and the reasons
for doing so—forces the interference theory of forgetting to include the prediction of for- ‘
getting in STM within its domain. At least, the testing of the theory in that context will extend
its importance as a general theory of forgetting, ‘if it survives the tests, and \Jill quickly reveal

the discontinuity of STM and LTM, if in fact they are discontinuous,

Whatever may be the outcome of these theoretical and c-xpe:rimental issues in the next few
years, we can be certain of one thing at this time, The revival of interest in short-term
memory and the new techniques that have been devised for the analysis of short-term memory
will enrich and extend our understanding of human memory far beyond what could have been
accomplished by the most assiduous exploitation of the techniques of rote memorization of lists
of verbal unlts'. In fact, our evidence on STM for near-span and supraspan verbal units sug-
gests that the systematic exploration of the retention of varying sizes of units over short and

long time intervals will give new meaning to research employing lists,
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